Background: Children with familial hypercholesterolemia may develop early endothelial damage leading to a high risk for the development of cardiovascular disease (CVD). Statins have been shown to be effective in lowering LDL cholesterol levels and cardiovascular events in adults. The effect of statin treatment in the pediatric population is not clearly demonstrated.
Introduction
Familial hypercholesterolemia (FH) is a dominant autosomal genetic disease. The worldwide prevalence is of 1 in 250 people affected with the heterozygous form (HeFH) of HF. 1 FH is characterized by high levels of low-density lipoprotein (LDL) cholesterol due the reduced hepatic capacity to remove LDL-cholesterol from blood circulation, 2 which can result in early atherosclerosis development. 3 Further, children with FH have damage in the endothelial function and increased intima-media thickness (IMT) 4 indicating early atherogenesis.
The hydroxy-methyl-glutaryl-CoA (HMG-CoA) reductase inhibitors or statins decrease the coronary morbidity and mortality in high-risk adults. They have proven to be effective in decreasing LDL-cholesterol levels and cardiovascular events in adults. 5 Statins are one of the most prescribed drugs in the world 6 for adults and, in usual doses, are notably safe.
The expert consensus recommends drug treatment for children older than 10 years old with LDL-cholesterol level ≥ 5 mmol/L (190 mg/dl), whose cholesterol levels remain elevated despite diet measures during the period from 8 weeks to 2 years for children ages 8-18 years. It is also considered the treatment for those with LDL-cholesterol ≥ 4 mmol/L (160 mg/dl) with the presence of two or more cardiovascular risk factors or family history of CVD. 2, 7 The US Food and Drug Administration (FDA) 8 has approved the use of some statins like simvastatin, atorvastatin, fluvastatin, pravastatin, rosuvastatin and lovastatin for pediatric and adolescent patients. Pravastatin is approved for use at 8 years of age, other statins are approved for use from 10 years on. FDA 8 recommends statins for children with FH, primary or genetic dyslipidemia. The treatment to reduce cholesterol levels in pediatric patients is based on evidence involving only adults. 9 The effect of statins in pediatric population has been limited to short-term randomized clinical trials (RCTs). 10, 11 Thus, the aim of this study was to systematically review the literature to evaluate the effects of different statins and the dosages in elevated plasma levels of total cholesterol (TC), LDL-cholesterol and apolipoprotein B (APOB) and in decreased high-density lipoprotein (HDL) cholesterol levels in children and adolescents with FH. We also aimed to evaluate statin safety in this group. 12 
Eligibility criteria
Studies included RCTs performed in children and adolescents from 8 to 18 years old, submitted to statin therapy for treatment of familial hypercholesterolemia. The intervention was considered as the use of statins at any dose, for at least eight weeks. Our protocol has assessed increased plasma levels of TC, LDL-cholesterol and APOB, and decreased HDL-cholesterol, in addition to seeking evidence on the effectiveness, safety and effects of statins. The RCTs were included if fulfilled the inclusion criteria and had at least one primary or secondary outcome. Studies that did not provide information on the magnitude of the intervention's effect in the control or experimental groups were excluded. When a study had several publications (or sub-studies), only the most recent was included. The other publications were used to supplement information.
Information sources
The review protocol was registered in the International Register of Prospective Systematic Reviews (PROSPERO), under registration number: CRD42015029350. The search comprised seven online databases -PubMed, EMBASE, Bireme, Web of Science, Cochrane Library, SciELO and LILACS. It lasted from the beginning to February 2016 and was composed by entries related to the following terms: "child", "adolescents", "cholesterol", "hypercholesterolemia", "statins", "dyslipidemia", "inhibitor hidroximethylglutaril-CoA reductase". There was no language restriction and we adopted a high-sensitivity strategy for the search of randomized controlled trials. 13 To identify other primary studies, the authors searched and checked for reference lists of previously published systematic reviews and meta-analyses. The detailed strategies for PubMed are in Appendix I. The strategies for other databases are available upon request.
Study selection and data extraction
Two investigators (G.R. and G.S.), in duplicate and independently, evaluated the titles and abstracts of all articles identified by the search strategy. The abstracts that provide enough information regarding the inclusion and exclusion criteria were selected for full-text evaluation. In the second phase, the same reviewers independently evaluated the full text of these articles and made their selection in accordance with the eligibility criteria. Disagreements between reviewers were solved by consensus, and when disagreement persisted it was solved by a third reviewer (L.C.P.). These two reviewers (G.R. and G.S.) independently conducted data extraction regarding the methodological characteristics of the studies, interventions and outcomes using standardized forms. The CONSORT analysis instrument was used to evaluate methodological quality (internal and external validation) of the included clinical trials. The outcomes extracted in this meta-analysis were: TC (mg/dl), LDL-C (mg/dl), HDL-C (mg/dl), APOB (mg/dl).
Assessment of risk of bias
Quality assessment of studies included adequate sequence generation, adequate allocation concealment, blinding of investigator, participants, and outcomes assessors, intention-to-treat analysis and description of losses and exclusions. Studies had to have a clear description of an adequate sequence generation to fulfill these criteria. The description of how the allocation list was concealed could include terms like "central", "web-base" or "telephone randomization" or computer-generation.
Intention-to-treat analysis was considered as confirmation on study assessment that the number of participants randomized and the number analyzed were identical, except for patient lost to follow-up or those who withdrew consent for study participation. Two reviewers independently performed quality assessment, and, for each criterion, studies were classified as adequate, not adequate or unclear/not reported.
Data Synthesis and Statistical Analysis
All analyses were conducted using Software RStudio. 14 For continuous outcomes, if the unit of measurement was consistent throughout trials, results were presented as weighted mean difference with 95% of confidence intervals (CIs). Calculations were performed using random effects method and the statistical method used was inverse variance. Statistical significance defined for the analyzes as p < 0.05. Statistical heterogeneity of the treatment effects among studies was assessed using Cochran's Q test and the inconsistency I 2 test. In addition, sensitivity analysis of RCTs was performed to assess differences in the intervention approach (intervention group versus placebo). In studies where statins therapy compared three different arms of treatment (intervention group) versus placebo (control group), we will conduct weighted average and divide the total number of patients to the distribution of the control group. 15 
Results

Description of studies
We initially identified 16793 potentially relevant citations from electronic databases. A total of 15 RCTs were included in the synthesis of qualitative studies and10 RCTs 10, 11, [16] [17] [18] [19] [20] [21] [22] [23] were selected to the quantitative analysis. Studies that were not eligible for the quantitative analysis did not provided data on cholesterol levels [24] [25] [26] [27] in a way that we could extract them from the article, and one study 28 was not performed with a control group. Figure 1 shows the summary of evidence search and study selection in this review. The included studies comprised a total of 1543 subjects, and they were all full peer-reviewed publications.
Participants
Table1 summarizes the characteristics of participants and included studies. The number of participants in the studies ranged from 54 to 248. A total of 934 subjects received statin therapy and 609 received placebo. The age also varied from 8 to 18 years old. The studies have evaluated different types of statins for a period of 8 to 104 weeks. 
Risk of bias in included studies
Allocation
Generation of sequence
The generation of the allocation sequence was adequate in two studies since the sequence was computer-generated. 10, 18 The remaining ten studies were described as randomized, but no further details of the process were given ( Table 2) .
Concealment of allocation
None of the included studies described how the allocation sequence was concealed from the investigators, the outcome assessors or the participants in the study (Table 2) .
Blinding
All studies were described as double blind, indicating that participants and those participating in treatment procedures were blinded to treatment (Table 2) .
Incomplete outcome data
From the studies included, 90% reported intention-to-treat analyses and 80% described losses due to follow-up and exclusions.
Effects of interventions
Statins versus placebo
All included studies describe the use of therapy with statins: atorvastatin, 16 23 The dosage and duration of treatment with statins varied between them ( Table 1) . The detailed analyzes are in Appendix II, III, IV, and V.
Change in Total cholesterol
Ten of the included studies evaluated the effect of statin therapy on the TC level. 10, 11, [16] [17] [18] [19] [20] [21] [22] [23] A subgroup analysis was performed in line with the intensity of statin doses, classified according to expected LDL-cholesterol reduction effect 29 : ≤ 30% as low; 30-40%, intermediate, and ≥ 40%, high. (Figure 2 ).
Change in LDL-cholesterol level
Ten included studies evaluated the effect of statin therapy on the LDL-cholesterol level. 10, 11, [16] [17] [18] [19] [20] [21] [22] [23] All subgroup analysis demonstrated significant reduction in this level: [-105 (Figure 3 ). The detailed analyzes are in Appendices II, III, IV, and V.
Discussion
We quantitatively analyzed ten randomized placebocontrolled trials in children with FH. Studies showed a clinically significant reduction in LDL-cholesterol levels in children treated with statin, compared to those treated with placebo. In addition, therapy with statins slightly increased HDL-cholesterol. The reduction in LDL-cholesterol levels varied between studies, probably due to different statins and dosages, and, possibly due to different settings of HeFH.
In our meta-analysis, the results of all studies using statins were combined. All statins included present a common mechanism of action, i.e., inhibition of hydroxy-methyl-glutary-Coa. All statins have shown beneficial effects in lowering lipid levels and have been approved for use in adult patients with dyslipidemia.
When comparing some results: the study using lovastatin to evaluate efficacy and safety in children, focusing on female population, concluded that the lovastatin group showed a reduction in LDL-cholesterol levels of 23% to 27% against an increase of 5% in the placebo group (p < 0.001), TC of 17% to 22%, and APOB of 20% to 23%. 10 Whereas another study with young male patients, 21 lasting 24 weeks, lovastatin significantly reduced LDL-cholesterol levels at all dosages compared with placebo (17%, 24%, 27% with dosage of 10, 20, and 40 mg/day, respectively; p < 0.001). Further treatment with the dose of lovastatin at 40 mg/day (from 24 to 48 weeks) reduced LDL-cholesterol by 25% compared to placebo (p < 0.001).
In a study with pravastatin, the assessed primary efficacy outcome was the IMT, showing a significant difference between pravastatin versus placebo (p = 0.02).
18 Also, pravastatin reduced LDL-cholesterol levels (-24.1%) versus placebo (+0.3%) and p < 0.001. The authors suggest that IMT findings and efficacy of treatment with pravastatin in this study should be limited to children with FH.
The efficacy results of this study were similar to others. At the end of 48 weeks, patients treated with simvastatin showed statistically significant reductions in LDL-cholesterol levels (-41%), TC (31%), APOB (-34%), very low-density lipoprotein (VLDL) cholesterol (-21%) and triglycerides (TG) (-9%). 11 In the study of atorvastatin versus placebo, there was an average reduction in LDL-cholesterol (40%), TC (32%), TG (12%) and APOB (34%) in the atorvastatin group compared to the placebo group (p <0.001). The increase in HDL-cholesterol levels (2.8%) was also statistically significant. 16 In the study comparing rosuvastatin versus placebo, changes in LDL-cholesterol, TC, and APOB levels were statistically significant compared to placebo for all three doses (5 mg, 10 mg, 20 mg) (p < 0.001). 19 Most of the studies included in this meta-analysis focused on the effect of statins on LDL. As seen in these results in children with FH, statins are effective in lowering LDL-cholesterol and TC levels. The effectiveness of reducing the LDL-cholesterol and TC levels with statin treatment is consistent in all RCTs analyzed. The effects of statins on other levels of lipids, such as HDL-cholesterol and TG are not so consistent; that is why the results are not extrapolated to the entire pediatric population. Patients without FH must focus on changes in lifestyle first, before relying on a drug to improve their cholesterol levels.
The included studies had essential elements that determine the quality of studies, which are important for the generation of evidence. Conducting a randomized controlled trial in the pediatric population is not as common as in adults. However, there is a lack of a recognized methodology to assess the quality of pediatric studies. That is the reason why we used the clinical testing format, as used in the adult population.
The adverse event profile of a pharmacological agent is a particular concern in pediatric population. Thus, in general, data suggest that the risk of adverse events in children treated with statins are similar to those observed in adults treated with statin, at least in the short term. Studies evaluated the effect of statin therapy on clinical outcomes, hormonal status, biochemical measures of growth, nutrition and liver or kidney toxicity. For most of these parameters, there was no statistically significant difference between treatment and placebo groups. There were no reports of serious adverse events. Hepatic transaminase elevation and Creatine-phosphokinase, which are of particular concern in adults, did not differ in the studied groups.
Current guidelines for FH indicate pharmacological treatment in affected subjects between 8 to 10 years and in younger children only with extreme elevation of LDL-cholesterol and associated risk factors, having risk for premature CAD. [30] [31] [32] [33] Statins can be considered as first line treatment in children with HeFH and having an increase of LDL, after changes in diet and lifestyle. Response to treatment with statins should be assessed in 1 to 3 months after the start of therapy and periodically thereafter according to guidelines. 34 Children treated with statins should also be frequently monitored for adverse events (for example, hepatic transaminases, creatine kinase, liver enzymes) and statins are contraindicated during pregnancy. 34 There is also a need for further studies to evaluate the safety of these pediatric patients throughout their lives. The results for the growth and sexual development should be considered in children under 10 years of age. Future studies should seek to include pediatric patients with secondary forms of dyslipidemia and start examining the combination of therapy in children.
However, we found some limitations in these studies. One of them is the duration of statin therapy in the included studies, which ranged from 8 to 104 weeks, whereas in the clinical practice, patients with FH are subjected to continue with statin treatment for the rest of their lives, once the therapy was initiated. 35 Another limitation of these studies is the conduction only in children with FH and children with secondary dyslipidemia were not included. 35 They also do not include information on the use of high doses of statins, such as those used in adults. Besides, the long-term efficacy data also are not available and remain unknown.
Braamskamp et al. 36 published the first study evaluating hormonal concentrations of FH subjects before and 10 years after the start of treatment with statins, compared with their unaffected siblings, which minimizes genetic and environmental variation between groups. Their results demonstrated that the hormone concentrations in patients with FH are among the reference range compared to their unaffected siblings.
Conclusion
Based on the evidence available in this meta-analysis, statins significantly reduced LDL-cholesterol in children with HeFH. However, there is no data regarding long-term outcomes of both effectiveness and safety.
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